SUMMARY
Twenty-four patients over Left-to-right shunt ATRIAL septal defect (ASD) is one of the commonest forms of congenital heart disease in adults.' It often remains relatively asymptomatic until atrial fibrillation or pulmonary hypertension develops. Although a number of studies have been published on the long-term effects of surgical closure of an ASD in patients over the age of 35,2-8 only limited data are available on patients over 35 who were in functional class III or IV (New York Heart Association) prior to operation. 4 8 This paper presents a long-term study of 24 severely disabled patients over the age of 35 who had surgical closure of a secundum ASD.
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Its purposes are: (1) to describe the hemodynamic effects of operation on the pulmonary vascular bed; (2) to assess resting left ventricular function before and after operation; and (3) to discuss factors affecting the results of surgery.
Methods Thirty-nine patients had a secundum ASD closed between 1958 and 1966 utilizing cardiopulmonary bypass technic. They formed part of a larger study which has been previously reported. 9 At the time of operation all were in functional class III Right heart catheterization was performed in all 39 patients undergoing operation. In the 24 patients considered in the present study, the left atrium was entered via the defect in 15 patients, and in 11 the left ventricular pressures were recorded. All 24 patients had left and right heart catheterization after operation. Pressures were measured with the zero reference 10 cm from the back. Dye-dilution curves were performed by superior vena caval injection of indocyanine green and sampling in a systemic vessel. The cardiac output was measured by the direct Fick method.
Left ventricular (LV) function was assessed as follows:
(a) Dp/dt or the maximal rate of rise of LV pressure was obtained graphically using a fluidin which the kinetic factor of cardiac work (=5% at rest) and resting cardiac 02 consumption have been ignored and the TTI considered a function of total myocardial 02 consumption.
LV function was considered abnormal if one or more of the following were present: (1) CI < 2.5 L/min/m2; (2) SER < 120 cc/systolic sec/M2; (3) dp/dt < 800 mm Hg/sec; (4) MEI < 2; (5) LVEDP > 12 mm Hg; (6) Physical Examination (Fig. 3) Preoperatively, there were a palpable right ventricular lift in most instances (95%), an increase in intensity of the first heart sound in 10096 of cases, fixed splitting of the second sound demonstrable on phonocardiography in 85%, and a grade II to III/VI pulmonary ejection systolic murmur in 100%. On followup a palpable right ventricular lift and a loud first heart sound were less frequently present (45% and 30%). Seventy-nine per cent of patients now had physiologic splitting of the second sound. A pulmonary systolic ejection murmur persisted in 41% of the cases but was of decreased intensity (grade II/VI).
Chest X-Rays
All patients had an enlarged main pulmonary artery, a hilar dance on chest fluoroscopy, and varying degrees of pulmonary plethora before operation. The average cardiothoracic ratio (C/T) was 60% (SD, + 7), being greater than 50% in all patients and over 60% in eight.
In the follow-up examination, the pulmonary plethora and main pulmonary artery enlargement were all less pronounced. The cardiothoracic ratio had decreased significantly (P < 0.005) to an average of 54% (SD, 8%). Seven patients now had a normal C/T ratio, and in only five was it over 60%.
Electrocardiograms
Atrial arrhythmias occurred in 13 patients, 11 of whom had atrial fibrillation (cases 2 operation demonstrated that the ASD was closed in all patients. Of the original 39 patients operated on, five died (a surgical mortality rate of 13%). Three of these patients had severe pulmonary hypertension and died within the first week after operation; two of these three had cerebrovascular complications, and one had a right hemothorax. The remaining two patients died of unrelated causes: one died of a perforated diverticulitis within a month of operation, and the other, who did well after operation, died suddenly 1 year later of unknown cause.
Hemodynamic Findings (Tables 1 and 2) Intravascular and Intracardiac Pressures
The average right atrial pressure (RA) was slightly increased preoperatively but did not change significantly on recatheterization. Thirteen patients had elevated preoperative values (> 7mmHg). A small diastolic gradient was present across the mitral valve in four patients preoperatively (patient 15 had cor triatriatum, and patients 2, 16, and 19 had mild mitral stenosis confirmed at operation). None had a significant gradient on recatheterization.
Pulmonary and Systemic Blood Flow (Table 3) The average preoperative pulmonary blood flow (Qp) was 2.84 times the systemic blood flow (Q8). Only one patient (case 12) had a Qp,/Q < 1, and she had moderate pulmonary stenosis which favors right-to-left shunting. Her ASD measured 5 cm2 at operation, and there was a step-up of 4.41 vol% in RA 02 content.
Five patients had moderate shunts (Qp/Qs = 1.2 to 2), 10 were large (Qp/Qs= 2.1 to 3), and eight were very large (Qp/Qs > 3).
After operation, the Qp fell significantly to tObtained by substituting LVEDP for PAW. Abbreviations: RA = right atrium; RV = right ventricle; S/ED = systolic/end-diastolic; S/D = systolic/diastolic; PA = pulmonary artery; PAW = pulmonary artery wedge; LA = left atrium; LV = left ventricle; Ao = aorta; Qp = pulmonary blood flow; Q. = systemic blood flow; PVR = pulmonary vascular resistance; TPR = total pulmonary resistance; SVR = systemic vascular resistance; dp/dt = rate of rise of LV pressure during isometric contraction; TTI = tensiontime index; LVMWI = left ventricular minute-work index; MEI = myocardial efficiency index.
LV function Flow
ResistanceTI MW (L/min) (dynes sec cm-5) dp/dt Abbreviations: RA = mean right atrial pressure; RVSP = right ventricular systolic pressure; RVEDP = right ventricular end-diastolic pressure; PASP = pulmonary artery systolic pressure; PA = mean pulmonary artery pressure; PAW = mean pulmonary artery wedge pressure; LA = mean left atrial pressure; ART = mean systemic arterial pressure; NS = not significant (P >0.05).
Resistance Measurements (Table 3) Pulmonary Vascular Resistance (PVR). The mean PVR was slightly increased before operation but increased further after operation (P<0.05).
Preoperatively, values were normal ( < 150 dynes sec cm-5) in 19 patients, mildly elevated (151 to 250 dynes sec cm-5) in three, and markedly increased ( >400 dynes sec cm-5) in two. On follow-up examination, of the 19 with normal preoperative values, nine had unchanged values, eight had mildly elevated, and two had moderately elevated values. Of the five patients with elevated preoperative levels, the level of three had a further increase, that of one remained unchanged, and one fell to normal limits.
Total Pulmonary Resistance (TPR). The average TPR was increased preoperatively ( > 250 dynes sec cm-5) in only five patients but had increased significantly after operation so that there were now 23 patients with values over 250 dynes sec cm-5.
Systemic Vascular Resistance (SVR). The SVR remained within normal limits after operation. There was a significant rise in Table 3 Summary of Preoperative and Postoperative Resistance Abbreviations: Q, = pulmonary blood flow; Q. = systemic blood flow; RA = right atrium; NS = not significant (P> 0.05); PVR = pulmonary vascular resistance; TPR = total pulmonary resistance; SVR = systemic vascular resistance.
Circulation, Volume XLII, December 1970 Abbreviations: dp/dt = rate of rise of left ventricular isometric contraction; SER = systolic ejection rate; CI = cardiac index; LVDI = left ventricular distensibility index; LVEDP = left ventricular end-diastolic pressure; TTI = tension-time index; LVMWI = left ventricular minutework index; MEI = myocardial efficiency index; RVMWI = right ventricular minute-work index; RVDI = right ventricular distensibility index.
TPR/SVR after operation due to the marked increase in TPR.
Left Ventricular Function (Tables 1 and 4) Detailed Preoperative and Postoperative Data on 11 Patients. There was preoperative evidence of LV dysfunction in 10 of 11 patients: five had low MEI, and SER, and elevated RA pressure (two of these patients also had low dp/dt), two had low MEI and elevated RA pressure, and three had low MEI associated with either elevated LVEDP or low SER. Postoperatively there was no significant improvement in SER, dp/dt, and MEI. Detailed According to Wolfs group45 it is doubtful whether significant postoperative improvement occurs in patients over the age of 45. This has been at variance with our own clinical experience and that of others.3 4 6, 7, 36, 41, 46, 47 In the absence of congestive heart failure or pulmonary hypertension, the mortality rate was only 2% in patients over 45 as compared to 0.7% in patients under 45.6 The present study, which included 39 patients initially, confirms4' 6 and associates6 who noted a mortality rate of 50% in patients who had TPR > 640 dynes sec cm-5.
Congestive heart failure prior to operation in patients over the age of 35 did not pteclude clinical improvement after surgical closure of the defect, as seen in the present study (seven of seven improved to class I to II) and those of others.4 8 In larger series, however, it has been reported that the surgical mortality rate is 10 to 14% if there was prior congestive heart failure. 4 6 Thus, in view of the decreased life span4852 of patients with an atrial septal defect, operative closure is recommended for disabled patients over 35 years of age, even if there is moderate hypertension or congestive heart failure. Medical management may be advisable, however, if the PVR exceeds 400 dynes sec cm-5 because of the high surgical mortalitv among such patients.
